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patent", copy attached as Tab 1). In particular, the attached Certificate of Correction seeks 
to correct typographical errors in claims 7, 12, 16, 21, 28, and 43 including: 

1 . Col. 25, line 46, "provide" was erroneously printed as "provid". 
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7. Col. 27, line 54, "the" was erroneously printed as "th ". 

8. Col. 27, line 55, "voltage" was erroneously printed as "voltage ". 

9. Col. 28, line 52, "The" was erroneously printed as "Th ". 

10. Col. 28, line 53, "coupled" was erroneously printed as "coupl d". 
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Detailed Discussion 
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• on line 1 of claim 68 of the Amendment, it is clearly shown that the word "the" is not 
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not "lay r" as printed in claim 21 (col. 27, line 1 1) of the '028 patent. 
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• on line 1 of claim 81 of the Amendment, it is clearly shown that the word "the" is not 
"th " as printed in claim 28 (col. 27, line 54) of the '028 patent. 

• on line 2 of claim 81 of the Amendment, it is clearly shown that the word "voltage" 
is not "voltage" as printed in claim 28 (col. 27, line 55) of the '028 patent. 

• on line 1 of claim 96 of the Amendment, it is clearly shown that the word "The" is 
not "Th " as printed in claim 43 (col. 28, line 52) of the '028 patent. 

• on line 2 of claim 96 of the Amendment, it is clearly shown that the word "coupled" 
is not "coupl d" as printed in claim 43 (col. 28, line 53) of the '028 patent. 
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METHOD AND APPARATUS FOR example, electromagnetic wave, charged particles, 

MONITORING INTEGRATED CIRCUIT electrical voltages and currents, etc.) towards the mea- 

FABRICATION surement sample wafer. The technique of interrogation 

depends on the parameter being measured. For 

CROSS-REFERENCE TO RELATED 5 example, when measuring the smallest feature sizes 

APPLICATIONS mac j e on an integrated circuit, known as Critical 

This application is a divisional of U.S. application Ser. Dimension ("CD"), an electron beam may be used to 

No. 10/677,563, filed Oct. 2, 2003. The contents of U.S. resolve features as small as those used in integrated 

application Ser. No. 10/677,563 are incorporated by refer- circuit manufacturing. 

ence herein in their entirety. 10 2. Sensing units — i.e., devices or circuitry that samples, 

This application claims priority to U.S. Provisional Appli- senses, detects and/or measures the response of the 

cation Ser. No. 60/423,488, entitled "Method and Apparatus measurement sample to the interrogation from/by the 

for Monitoring integrated Circuit Fabrication using Equip- source unit. The sensing units may include, for 

ment in Wafer (EIW)", filed Nov. 4, 2002. The contents of example, temperature, light sensors, image sensors, 

this provisional application are incorporated by reference 15 charged particle sensors, voltage and current meters, 

herein in their entirety. and/or detectors. In the example of measuring CD 

using SEM, the electron beam reflected or scattered 

BACKGROUND from me wafer ^ ^11^^ t0 f orm a higb-resolution 

Integrated circuit fabrication generally consists of a series image of the features or profile on the wafer surface, 
of process steps or stages, for example, photolithography, 20 3. Analysis and user interface units — i.e., units that rely 
etch, strip, diffusion, ion implantation, deposition, and on a general purpose or specialized computer, algo- 
chemical mechanical planarization (also known as chemical rithms and software to analyze information collected by 
mechanical polishing, or "CMP"). At each step or stage, the sensing units and present the results in a suitable 
inspections and measurements are conducted to monitor the format to, for example, process engineers or higher- 
equipment which performs the process as well as the overall 25 level yield management and analysis software, 
process, individual processes, and interaction and integra- 4 Wafer handling units— i.e., units that are responsible 
tion among individual processes. fof handling me measurement samples, most likely in 

Typically supporting the integrated circuit fabrication tne wafer format, including, for example, loading, 

process is a complex infrastructure of, for example, mate- unloading, aligning, and conditioning wafers, 

rials supply, waste treatment, support, logistics and automa- Given the number of different parameters that are mea- 

tion. Integrated circuit fabrication processes tend to utilize surec j or inspected in assessing the integrity of a process, 

one of the cleanest environments in the world. there are many different types of MEs employed in a typical 

Integrated circuits are typically made on or in a semicon- semiconductor manufacturing facility. The MEs may utilize 

ductor substrate that is commonly known as a wafer. A wafer 35 different physical principles to detect, inspect or measure 

is a substantially round, thin disk, having diameters such as one or more parameters that may be used to characterize the 

four inches to twelve inches, and thicknesses in the range of process. For example, thin-film thickness measurement tools 

two to three quarters of a millimeter. During the fabrication measure the thin films deposited on the wafer utilizing, for 

process, materials or layers are added, treated and/or pat- example, ellipsometry, reflectometry, or sheet resistance, 
terned on or in the wafer to form the integrated circuits. 

With reference .o FIG. 1, the equipment employed to 4 ° SUMMARY OF THE INVENTION 

fabricate integrated circuits may be classified, in a functional There are many inventions described and illustrated 

manner, into two categories: herein. In one aspect, the present invention embeds some or 

Processing equipment ("PE"): this type of equipment all of the functionalities and capabilities of one, some or all 

creates physical or chemical changes to a wafer; for 45 of MEs in a wafer or wafer-like object. In the present 

example, equipment used in performing invention, the wafer or wafer-like object has the capability 

photolithography, etch, strip, diffusion, ion to sense, sample, analyze, memorize and/or communicate its 

implantation, deposition and/or chemical mechanical status and/or experience. 

polishing ("CMP**). These active capabilities may be implemented in various 

Monitoring equipment ("ME"): this type of equipment 50 different ways. In one embodiment, the "active" wafer or 

measures and/or analyzes certain parameters on a pro- wafer-like object according to the present invention may be 

cessed product or test wafer in order to, among other disposed in a PE in substantially the same manner that a 

things, ensure the processes) has behaved according to product wafer is sent into the same PE. The PE may process 

specification. That is, MEs measure, evaluate and/or the "active" wafer or wafer-like object in the same or 

analyze the integrity of the prooess(es). For example, 55 substantially the same manner as it would process a typical 

MEs include equipment used in conducting defect product wafer. Moreover, the "active" wafer or wafer-like 

inspection, surface profiling, optical or other types of object may exit the PE in the same or in substantially the 

microscopy. Notably, certain MEs may cause or require same manner as a product wafer. The "active" wafer or 

changes to measurement sample wafers. For example, wafer-like object is referred to herein as an Equipment-in- 

an SEM may require a measurement sample wafer be 60 Wafer ("EIW"). 

cross-sectioned in order to analyze its profile. Indeed, In certain embodiments of the present invention, after the 

these samples may be special test wafers, instead of EIW exits the PE, it may be powered on or enabled to sense, 

product wafers. sample, determine and/or provide certain parameters asso- 

Generally, conventional monitoring equipment consists of ciated with the change(s) or modification^) made to the 

the following subsystems or components: 65 EIW as a result of the previous processes) (for example a 

1. Source units — i.e., units that generate and direct the deposition process). In addition, the EIW may analyze the 

technique and mechanism of interrogation (for effects of that processing, memorize and/or communicate 
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information representative thereof to a processing unit (for 
example, a general purpose computer). For example, if an 
EIW is disposed in a PE implementing a chemical vapor 
deposition ("CVD") process and "experiences" that process, 
after the EIW is removed from the PE, the EIW may sense, 
sample, analyze, memorize and/or communicate the thick- 
ness of the layer deposited by the CVD process at one, some 
or multi-locations on the surface of the EIW. This informa- 
tion may be used to determine whether the CVD PE is 
performing properly, in specification or out of specification, 
and how and where it was in or out of specification. In this 
way, the EIW is providing, among other things, the func- 
tionality and capability of an ME that is designed to measure 
the thickness of the same CVD deposition layer. 

In certain embodiments, the EIWs may perform its func- 
tion while undergoing a given process within the PE. In this 
regard, the EIW may sense, sample, measure, detect, 
analyze, memorize and/or communicate its "experience" 
(i.e., the sampled, measured, detected and/or analyzed 
information) during the process step or stage, which may be 
the same or substantially the same as that experienced by a 
product wafer. For example, where the EIW is disposed in 
a PE performing a CVD process, the EIW may sense, 
sample, measure and/or detect the thickness of the deposited 
layer at one, some or all of locations on the substrate of the 
EIW. The EIW may sense, sample, measure and/or detect 
that thickness at one instance, at a plurality of predetermined 
or various points in time, or continuously throughout the 
process. 

The EIW may also memorize the information and/or 
communicate that information externally (via, for example, 
wireless transmission techniques) for detailed analysis by, 
for example, a computer and/or the PE. This information 
may be employed to determine whether, for example, the 
CVD PE is working in specification or out of specification. 

In one aspect, the present invention is a device, system 
and technique to shrink or reduce one, some or all ME into 
an EIW having suitable circuitry, structures, materials, capa- 
bilities and/or intelligence to perform one or some or all of 
those functions currently performed by conventional ME. In 
this way, capital equipment of at least part of the industry's 
infrastructure is reduced, minimized, and/or effectively or 
practically eliminated. 

The EIW of the present invention may provide one, some 
or all of the following advantages: 
In-situ, holistic system-level monitoring. In this regard, 
the EIWs may sense and/or memorize and/or commu- 
nicate while the process is taking place, the process 
information collected is in-situ. Time-sequence record- 
ing. The process information may be collected at dif- 
ferent time points during the process, thus it is possible 
to record the time-sequence of events. 
Real-time or near real-time feedback. In certain 
embodiments, EIWs may collect information as the 
process is taking place and the information may be 
analyzed, in real-time, and provided to the PE, in 
real-time, for adjustment of process conditions to 
enhance and/or optimize the process results. 
Seamless integration with many existing PE infrastruc- 
ture. Since many PEs are designed to handle and 
process product wafers or other product substrates, and 
EIWs are made to have the same or substantially the 
same form factor, weight, and other mechanical and 
physical characteristics as a product wafer or product 
substrate, the introduction of EIWs in the manufactur- 
ing flow will often cause minimal changes, if any, to the 
existing manufacturing infrastructure. 
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Again, there are many inventions described and illustrated 
herein. This Summary is not exhaustive of the scope of the 
present invention. Moreover, this Summary is not intended 
to be limiting of the invention and should not be interpreted 

5 in that manner. While certain embodiments, features, 
attributes and advantages of the inventions have been 
described here, it should be understood that many others, as 
well as different and/or similar embodiments, features, 
attributes and/or advantages of the present inventions, which 

10 are apparent from the description, illustrations and claims 
— all of which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of the description to follow, reference will 
15 be made to the attached drawings. These drawings show 
different aspects of the present inventions) and, where 
appropriate, like structures, components, materials and/or 
elements in different figures will be labeled similarly. It is 
understood that various combinations of the structures, 
20 materials, components circuitry, fluids, techniques and/or 
elements other than those specifically illustrated are con- 
templated and within the scope of the present invention. 

FIG. 1 is a high-level view of a typical integrated circuit 
manufacturing process; 
25 FIG. 2 is a schematic representation of a surface profile 
measurement EIW according to one embodiment of the 
present inventions); 

FIGS. 3A and 3B are cross-sectional views of a profiling 
module of the surface profile measurement EIW according 
30 to one embodiment of the present invention; 

FIGS. 4A-D are schematic representations of an EIW 
according to several embodiments of the present invention; 

FIGS. 5A-E are schematic representations of an EIW, 
35 according to certain embodiments of the present invention, 
that measure a plurality of parameters; 

FIG. 6 is an exemplary van Der Pauw sheet resistance 
measurement structure; 

FIGS. 7Aand 7B are schematic representations of an EIW 
40 for monitoring conductive film thickness, using a four-probe 
sheet resistance measurement technique, according to vari- 
ous embodiments of the present invention; 

FIG. 8 is a cross-sectional view of a sheet resistance EIW 
according to one embodiment of the present invention; 
45 FIG. 9 is a cross-sectional view of a sheet resistance EIW 
having a built-in or integrated conductive pad according to 
one embodiment of the present invention; 

FIGS. 10A and 10B are a block diagram representation of 
an EIW for monitoring conductive film thickness, using a 
modified four-probe sheet resistance measurement 
technique, according to one embodiment of the present 
invention; 

FIG. 11 is an exemplary four-probe linewidth measure- 
55 ment structure according to one embodiment of the present 
invention; 

FIG. 12 is a block diagram representation of an EIW, 
including an array of sheet resistance measurement sensors, 
according to one embodiment of the present invention; 

60 FIGS. 13A and 13B are block diagram representations of 
an EIW, including an array of temperature sensors, accord- 
ing to several embodiments of the present invention; 

FIG. 14 is a schematic representation of a thermal couple 
according to one embodiment of the present invention 

65 FIGS. 15A-C are block diagram representations of an 
EIW, including an array of thermal flow-rale sensors, 
according to several embodiments of the present invention; 
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FIG. 16 is a block diagram representation of an EIW, 
including a plurality of pyroelectric sensors, according to 
several embodiments of the present invention; 

FIG. 17 is a block diagram representation of an EIW, 
including a plurality of photoconductive and photovoltaic 
sensors, according to several embodiments of the present 
invention; 

FIG. 18 is a block diagram representation of an EIW, 
including a plurality of pressure sensors, according to sev- 
eral embodiments of the present invention; 

FIG. 19 is a block diagram representation of an EIW, 
including a plurality of capacitance sensors, according to 
several embodiments of the present invention; 

FIG. 20 is a block diagram representation of an EIW, 
including a plurality of ion sensitive FETs ("ISFETs"), 
according to several embodiments of the present invention; 

FIG. 21 is a cross-section view of an exemplary MOS- 
FET; 

FIG. 22 is a schematic representation of an ISFET accord- 
ing to one embodiment of the present invention; 

FIG. 23 is a block diagram representation of an EIW, 
including a plurality of resonant sensors, according to sev- 
eral embodiments of the present invention; 

FIGS. 24A and 24B are cross-sectional views of reso- 
nance sensors according to certain embodiments of the 
present invention; and 

FIG. 25 is a block diagram representation of an EIW, 
including a plurality of SAW sensors, according to several 
embodiments of the present invention. 

DETAILED DESCRIPTION 

In one aspect, the present inventions) is an Equipment- 
in- Wafer ("EIW") having predetermined sources and/or 
sensors disposed and/or integrated on or in a wafer, a 
wafer-like substrate or a platform to sample, sense, detect, 
characterize, analyze and/or inspect certain parameters dur- 
ing a particular process(es) in the same or substantially the 
same environment as a product wafer (i.e., a wafer having 
actual integrated circuits fabricated thereon) would other- 
wise experience in processing or fabrication equipment, for 
example, integrated circuit processing or fabrication equip- 
ment. 

In one embodiment, the EIW is a wafer or wafer-like 
object. When the EIW is a wafer-like object, the EIW may 
have a different physical form factor than a product wafer. 
The processing equipment, however, may handle such an 
EIW without adverse modification to its hardware and/or 
software. For example, where an EIW includes circuitry, 
sensors and/or sources to monitor a CVD process, the EIW 
may have the same or substantially the same planar size and 
shape as a product wafer, but may be (slightly) thicker. As 
such, the EIW "behaves" like a thick wafer and the depo- 
sition equipment may handle the EIW with little or no 
modification to the equipment. 

In certain embodiments of the present invention, the EIW 
may include sources integrated on or in the wafer-like 
platform, but not integrated sensors. This type of EIW is 
known as a "Source -EIW". In this way, the complexity of 
the ME may be significantly reduced because the ME may 
only need sensors to recover the salient information. In 
addition, a Source-EIW includes sources that generate an 
interrogation signal(s) that is received, measured, sampled, 
sensed and/or recorded by a sensor (which may be internal 
or external). A Source-EIW may provide information that is 
not traditionally available because it includes sources 
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located, for example, below the surface structure or the 
surface exposed to the process in order to monitor the 
process. 

For example, in one embodiment, a Source-EIW may 

5 include an array of light-emitting elements (for example, 
VCSEL or LED) integrated into or onto the wafer-like 
platform. These sources may be employed to direct light into 
the wafer surface structure from "below" (or within the 
wafer- like platform). An associated ME may be used, in 

io conjunction with this Source-EIW to sense, detect, sample 
and/or measure the light (after any scattering and/or 
interference) and analyze the surface layer(s) or structures), 
for example, spun-on photo resist. 

In another embodiment of the present invention, the EIW 

15 may include sensors integrated on or in the wafer substrate, 
but not integrated sources. This type of EIW is known as a 
"Sensor-EIW". Like the Source-EIW, the Sensor-EIW may 
not only reduce the cost and complexity of the ME, but may 
also provide information that is traditionally unavailable. 

20 For example, a Sensor-EIW may include image sensors 
integrated on or in the wafer-like platform. The Sensor-EIW 
may be placed into a lithography equipment (for example, an 
optical stepper or scanner) to directly sense, sample and/or 
measure the light intensity and image patterns of the aerial 

25 image that is otherwise projected on the surface of a product 
wafer. Notably, such a Sensor-EIW may be any image sensor 
or system described and/or illustrated in application Ser. No. 
10/390,806, entitled "System and Method for Lithography 
and Mask inspection" (hereinafter "the '806 Application"), 

30 which is incorporated by reference herein in its entirely. 
Moreover, such a Sensor-EIW may perform, or be used or 
employed in, any method, technique and/or application 
described and/or illustrated in the '806 Application. 

35 The Sensor-EIW may also include circuitry and compo- 
nents that protrude from the surface, hence creating a portion 
that includes a non-flat surface topography. The circuitry and 
components are disposed on a wafer-like object that may be 
handled (automatically or manually) within the equipment. 

40 Thus, such an EIW includes a substrate that has a similar 
form factor and/or profile as a product wafer, may be 
handled in similar ways as a product wafer, and may be 
employed or disposed in the appropriate wafer processing 
equipment with minimal or no change to the configuration of 

45 the equipment. 

Another example of a Sensor-EIW is an EIW having a 
plurality of sensors integrated into or onto the wafer sub- 
strate to measure, detect, and/or sample the concentration of 
a given chemical (for example, an etchant) used during a 

50 processing step(s). In addition to the concentration of the 
chemical, the sensors may also measure, detect, and/or 
sample the distribution of chemical concentrations on, 
across, or at selected or various locations on the surface of 
the wafer during processing. 

55 An EIW according to another embodiment of the present 
invention may include source(s) and sensor(s), i.e., the 
combination of the subsystems, components, capabilities, 
and functionalities of a Sensor-EIW and a Source-EIW. In 
this way, the EIW is a more complete inspection, data 

60 collection and analysis mechanism. 

With reference to FIGS. 2, 3A and 3B, in one 
embodiment, EIW 10 according to one embodiment, 
includes one or more surface profile measurement modules 
12 to collect, sample, detect and/or measure the profile of the 

65 surface of EIW 10, or a portion or portions thereof. The 
surface profile measurement modules 12 may be disposed on 
or in substrate 14. In addition, control and interface circuitry 
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16 may also be disposed on or in substrate 14. In Ibis way, Furthermore, the predetermined surface layer or structure 

circuitry 16 may facilitate, monitor, initiate and/or control 22 (for example, a dielectric medium) may be comprised of 

the sampling, detecting and/or measuring of the surface multiple layers of the same or different materials. The 

profile of EIW 10, or a selected or predetermined portion or composite dielectric structure may be patterned to provide 

portions thereof. 5 further information regarding the surface layer or structure 

In one embodiment, surface profile measurement modules 24 that is deposited, formed, or modified on EIW 10 during 

12 employ light of different wavelengths or electromagnetic the fabrication process under investigation, 

waves as a technique of interrogation. For example, EIW 10 , Qne embodiment> thc intcnsit of the M ht out , b 

may use light sources 18a-c (for example, vertical cavity to . . . ■ « • , ° r 

surface emitting laser ("VCSEL") or light emitting diodes 10 <* an g* d and/or modu- 

("LED")) that may be integrated or pfekaged on or into 10 lated Ceding the relative strength between the light 

substrate 14 of EIW 10. The EIW 10 of this embodiment source elements ) 10 P rovide different illumination conditions 

may also include light sensors 2Qa-o (for example, CMOS t0 surfacc lavcr or structure 24. Moreover, in another 

image sensors, CCD image sensors or photodiodes). embodiment, the relative intensities of the light output by the 

The EIW 10 may also include a predetermined surface P lu ; alit y °* ™« 18 <~ '"V * varied, modified, changed 
layer or structure 22 (for example, a medium that facUitates 15 and/or modulated to provide still different domination con- 
light propagation and/or scattering) to accept and/or receive d * ons *° surface j a y er or ~ re 24. The information 
an additional surface layer or structure 24 that is, for mea * ured ' detected andA>r sampled by sensors) 
example, deposited by the PE during fabrication/processing. 20 ' UQdcr the Auminition conditions, may be analyzed (for 
The additional surface layer (or structure) 24 deposited 9n e * am P le >™ an ™ al or ° ff " wafer « m P» ter 
during fabrication may be monitored, analyzed, sampled 20 abl * softwarc or £gonthms) to characterize he 
and/or detected periodically, intermittently or continuously s ^ faceof la y er °[ 2 , 4 ' for exam P l f' charactenze the 
during and/or after deposition in order to characterize, u « k f» ^ P rof * > of me laver or structure 24 deposited, 
analyze, detect, inspect, sample and/or sense the deposition added ' or modlfied dunn * P roccss under "™*tigation. 
process(es) and/or the PE under investigation. witn continued reference to FIGS. 2, 3A and 3B, in 

With reference to FIGS. 3A and 3B, surface layer or <*fo™ embodiments, EIW 10 may include a plurality of 

structure 22 may be a layer of dielectric material (for sources 18 and/or a plurality of sensors 20, for example, an 

example, Si0 2 or Si 3 N 4 in the order of tens of microns thick) *™V of sources and/or an ™W of sensors - ^ P luraht y of 

deposited or coated on or above light sources 18a-c and s° UTCes and sensors illustrated in FIGS. 3A and 3B may be 

light sensors 20<™. In operation, the surface layer or 30 repUcated in the x- and y-directions to form 2D arrays). In 

structure 22 provides a volume for light 26 from sources lhis wav > the EIW ma y ™ iiGC{ > ^ m P lc and/or mea * ure a 

ISa-c to travel toward the surface, be reflected/scattered s P atial attribution of the surface layer or structure 24. 

downward by surface layer or structure 24, and then be It should be noted that the EIW structure referenced in 

detected by sensors 20a-o. The positions of sources 18a-c FIGS. 2, 3A and 3B, can be easUy modified to have either 

relative to sensors 20a-o may be designed so that informa- 35 source-only or sensor-only, and hence creates corresponding 

tion of surface layer of structure 24 is sampled, sensed, "Source-EIW" and "Sensor-EIW", as described above. All 

detected, extracted, determined or analyzed from the inten- other descriptions of the EIW (e.g., regarding layer 22) still 

sity of light 26 measured, sampled, sensed and/or detected apply. The advantages described above associated with 

by sensors 20a-o. "Source-EIW" and "Sensor-EIW" also apply. 

The arrangement, placement, materials and types of 40 EIW§ Era End . Point and/or Real-Time 

sources 18 and/or sensors 20 may be suitably selected to r j & 
enhance the operation of EIW 10 in a given or particular 

environment. Indeed, surface layer or structure 22 (for In several embodiments of the present invention, the EIW 

example, the dielectric medium) may also be suitably employs circuitry and techniques to implement an end-point 

selected to accommodate a given situation or environment in 45 mode and/or a real-time mode. 

which the EIW is to be implemented. For example, prede- In an end-point mode, the EIW of the present invention 

termincd surface layer or structure 22 may be patterned to experiences the same or substantially the same conditions, 

guide and/or shape the propagation of light 26 before light or undergoes the same processing, as a product wafer 

26 is incident on surface layer or structure 24 and thereafter experiences during a PE process. After the process is 

measured. 50 completed, the end-result of the physical and/or chemical 

Further, a grating structure may be integrated into or onto changes on the EIW is measured, detected, sensed, sampled, 

surface layer or structure 22 so that the medium not only determined and/or analyzed. For example, after completion 

provides a volume for light travel, but also provides light of a CVD deposition process, the sources and/or sensors 

diffraction. In this way, the light reflected from surface layer may measure the thickness of a deposited layer of a dielec- 

or structure 24 may be analyzed and/or measured using the 55 trie layer (for example, silicon dioxide (Si02)) or a conduc- 

additional information provided by the diffraction. tive layer (for example, heavily doped silicon or aluminum). 

Moreover, in certain embodiments, EIW 10 may employ Thus, in the end-point mode, the sources and/or sensors 
acoustic optical modulation ("AOM") techniques, wherein measure, detect, sense, sample, determine and/or analyze the 
the refractive index grating may be dynamically changed. end-results of the process without measuring, detecting, 
For example, where an AOM module is integrated into or 60 sensing, sampling the parameter(s) (for example, 
onto EIW 10, control and interface circuitry 16 may be used temperature, pressure, light intensity, chemical composition, 
to control the AOM module and, in response, drive a concentration and/or density, surface tension, stress, corn- 
plurality of different acoustic waves to induce a plurahty of position and/or profile, voltage, and/or current) or changes 
different grating structures (for example, the period and therein, during the process. 

amplitude of the grating). In this way, sensor(s) 20 may 65 With reference to FIGS. 4A-D, in a real-time mode, EIW 

sense, sample, measure, collect and/or detect the response of 10 may be used to monitor, measure, detect, sense, sample, 

the surface layer structure 24. determine, analyze and/or record a parameters) under 
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investigation during the performance of the process (i.e., non-proprietary protocols (for example, RS-232). In those 

time-sequence of the measured parameter(s)), for example, embodiments where data storage 34 is employed, the stored 

a change of thickness of a deposited layer as a function of data may be retrieved from the EIW via a communications 

lime. As such, real-time EIW 10 includes a real-time sensor Unk > which itself may be implemented using wireless, wired 

unit 28 which is operational and/or functional while real- 5 anQ V° r °P lical techniques, like that in the description above, 

time EIW 10 is being "processed" by the PE. In this regard, 11 should °e DOted thal additional circuitry may be imple- 

EIW 10 may enable real-time sensor unit 28 (i.e., the mented to accommodate bandwidth considerations of the 

source(s) and/or sensor(s)) to measure, detect, sense, sample ™ c[ «*> ««■ and ' or °P tical communications techniques, 

and/or record the processing "experience" in real time. At F ° r exam P lc : communications between the EIW and an 

the conclusion of the process step (or during the process 10 c * crn t al ^i/ *T P V * T ? ™ 

. \ cm,iA ♦ i a * *u t <! « • - • optical, wired and/or wireless of a given bandwidth that may 

step), EIW 10 provides data that reflects or^representative ^ be ^ ^ ^ ^ bandwidth o{ % c daU b th * 

of the processing experience or sequence. The data (which sensf)rs suitable drcui (fof ^ data 

may be of the actual parameter or a representation thereof) ion drcuitry ^ to compress the data and/or to buffer 

may be output to a computer, processor and/or controller 30 me data) may ^ im p lement ed on or in EIW 10 to accom- 

(via, for example, wired, wireless and/or optical techniques) 15 modatc the given communications techniques. 

and analyzed, for example, to reconstruct the time-sequence In lhose embodimeDts wher e EIW 10 includes circuitry 

of the processing experience. f or re al-time communication of for example, data which is 

For example, an EIW having surface resist profile mea- representative of the time sequence of the measured 

surement sensor(s) and/or sources (and associated circuitry), parameter, EIW 10 facilitates real-time feedback — that is, 

may output (in real-time or the conclusion of the process) 20 real-time adjustment, tuning, and/or control of the process 

data that may be used to illustrate, describe and/or charac- and/or PE. For example, where the EIW is employed to 

terize a time sequence of the deposition and development of measure film thickness during CMP, EIW 10 may provide 

the resist profile. In certain embodiments, the time sequence feedback, in real time, of film thickness distribution across 

may represent the entire processing time or portion thereof. the surface of substrate 14 of EIW 10. These embodiments 

Such information may provide process development engi- 25 may allow the PE to adjust the pressure for certain areas of 

neers insight into the process, and hence may facilitate a *"?nf*r, °[ stop processing when the polishing reaches or 

better or more accurate or specific characterization and * ch ™ s * d ™ red specification. 

tunine of the process or PE should be noted that in certain embodiments, wireless 
• ^ . communication methods may minimize disruption to the 
With continued reference to FIGS. 4A and 4B, in one operation of the PE. This is particularly the case in those 
embodiment, EIW 10 includes components or circuitry that situations where the PE does not include a means of corn- 
are powered, enabled or operational during the processes. In munication and where the EIW is under processing con- 
this regard, EIW 10 may receive power externally or may straints that, as a practical matter, prohibit compromising the 
include a built-in or integrated power source resident on environment of those constraints. 

substrate 14 of EIW 10, for example, batteries 32, to turn-on, ^ \ n those embodiments facilitating real-time data acquisi- 

engage or enable resident and/or integrated sources and/or tion and/or analysis, EIW 10 may be employed to enhance 

sensors. The batteries 32 may be rechargeable with a thin or optimize the yield of the PE as well as the quality, yield 

form factor to be embedded into EIW 10. To minimize the and cost of integrated circuits fabricated using that equip- 

disruption to the PE, it may be advantageous to include an ment. The control loop from the PE to sensor, then to 

electrical power supply (for example, batteries 32) on or in computer (which process the data and/or determines correc- 

EIW 10 so that EIW 10 is a more self-contained and/or 40 tive or responsive measures), then back to the equipment, is 

self-sufficient device. a tv P e °f control loop that facilitates enhancement or opti- 

, «•» 1**1 u -a a mization of the process and/or the PE. In this regard, EIW 

In other embodiments, electrical power may be provided 1Q Qf ^ embod P iment allow or facilitate in ? erm i ltentf 

either via wired or wireless techniques to EIW 10. For ^ and/or contimious tunin and/or adjustment of the 

example, electrical power may be obtained from the PE. 45 £ E an(J/or ^ prQCess ^ ^ the pE an(J/or lhe process may 

In another embodiment, the real-time EIW includes data b e tuned or adjusted when EIW 10 enters and exits the 
storage 34 and/or communications circuitry 36. Given that equipment as well as undergoes processing by that equip- 
real-time EIWs are used to sense, sample, measure and/or ment. 

collect discrete data or data which is representative of the It should be noted that some or all of the real-time data 
time sequence of certain measurements, the data may be 50 analysis may be performed by circuitry and devices resident 
stored in the data storage 34, for example, a solid state on the EIW, for example by controller 16. As such, an 
memory such as DRAM or Flash, for later retrieval or external computer or controller 30, in this embodiment, 
transmission during data collection/acquisition. In addition, maybe avoided. This may be especially useful when the data 
in certain embodiments, the data may be downloaded from analysis is not computationally extensive, 
the EIW in real-time (or nearly real-time) via a communi- 55 Further, in another embodiment, some or all of the real- 
cations circuitry 36 to an external device, such as a computer time data analysis may be conducted or performed by the PE 
or controller 30 or an external data storage device (not equipment. In this embodiment, external computer or con- 
illustrated). This real-time (or near-real-time) communica- trailer 30 and on-EIW data analysis capabilities may be 
tions link may be implemented using wireless, wired and/or unnecessary. 

optical techniques. 60 11 snould be f urther noted that lne EIW mav be enabled 

.... , ■ A „ and/or equipped with circuitry to facilitate implementation 

Where the EIW employs w.red communication ofthcre a. t ^^ ttwll i cnd . poim ^: Illth iswiy > 

techniques, a socket or connector 38, disposed on the ^ modes of ^ an(J/or ^ is m available . 

wafer-like substrate or platform, provides a mechanism for 

external communication (sec, FIG. 4B). The socket or EIW Having Multiple Sensors and/or Sources to 

connector may be an electrical connector that includes 65 Sample and/or Record Multiple Parameters 

signal, power and ground pins, where signals are transmitted With reference to FIGS. 5A-E, EIW 10 according to other 

by series of high and low voltages, using proprietary or embodiments of the present invention may include a plu- 
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rality of different types of sensors that measure the same maintains a form or appearance, during processing, that is 
parameters) and/or different parameters, for example, sen- substantially similar to that of a product wafer. Moreover, 
sors to measure, sense, sample and/or detect physical, the wafer-shaped platform or substrate may permit auto- 
chemical, optical and/or electrical parameters. Indeed, the mated handling by a robotic loader of the processing equip- 
sensors may be disposed in an array on substrate or platform 5 ment. Further, electrical power may be supplied to the 
14 of EIW 10 or distributed in a predetermined or random sensor(s) and/or source(s) by a battery (rechargeable or 
pattern. For example, in a complex process such as CMP, it otherwise) and/or the processing equipment; and 
may be advantageous to monitor multiple parameters at the data/command transmission may be accomplished using 
same time, including chemical composition and/or wired, wireless and/or optical techniques, 
concentration, pressure applied on the wafer, and/or thick- 10 

ness of the remaining metal film. Moreover, it may be Reusable EIW 

advantageous to provide multiple and/or different light | n certain embodiments, the EIW may be reused or 

sources (for example, a plurality of LED devices and/or a reusable. In this regard, after use within a given process, the 

plurality of VCSEL arrays) to obtain similar or the same physical changes, if any, that the PE caused or created on or 

information. 15 m the EIW may be "reversed". In this way, the EIW may be 

It should be noted that the discussions of, for example, reused to characterize the same or different processes. For 
electrical power supply techniques and circuitry, as well as example, where an EIW had been employed to measure 
the communications link, techniques and circuitry, are fully and/or inspect resist development processes, after data col- 
applicable to this aspect of the present invention. For the lection and analysis, the developed resist may be removed 
sake of brevity, those discussions will not be repeated, 20 (for example, stripped away). In this regard, the resist would 

be removed thereby exposing the underlying surface of the 

EIW Integration and Packaging EIW, which would remain intact during and after the resist 

The EIW of the present inventions) may be comprised a removal process. As such, after the resist is removed, the 

monolithic structure (i.e., circuitry, sensors and/or sources „ e EIW ma V be employed again, for example, to measure 

integrated within the wafer and manufactured on the same 25 and/or inspect another spin-coated photo resist process, 

original wafer substrate), or comprised of discrete compo- In other embodiments, the EIW may be treated as a 

nents (i.e., sensors, sources, circuit components) packaged "consumable", and used only once or a few times and then 

and interconnected into or onto the wafer-like platform, or a discarded or recycled. 

combination thereof (i.e., a hybrid device where some of the „ c „, , . + A 

circuitry, sensors and/or sources integrated within the wafer 30 EIW Substrate, Platform or Workpiece 14 

and some components integrated on the wafer). Many aspects of the invention have been (or will be) 

A monolithic EIW includes electronics (i.e., sensors, described in the context of integrated circuit manufacturing 

sources and/or associated control, transmission and/or stor- where the substrate is a semiconductor wafer. In other 

age electronics) that are integrated within the substrate 35 applications or industries, the substrate or workpiece of 

using, for example, VLSI or LSI integration techniques. concern may take a different form factor and may be made 

Given the current state of technology, the power source (if from different materials. For example, in manufacturing flat 

any) and/or connector (if any) are more likely incorporated panel displays, the substrate or workpiece may be a high 

on the substrate as discrete components. Indeed, in one quality glass plate. In manufacturing components of hard 

embodiment, the power source may be disposed in cavities, ^ disk drives, the substrate or workpiece may be wafer-like, 

holes or cut-outs in the substrate in order to minimize the but comprised of materials other than those used in manu- 

profile of the EIW. (See, for example, the '806 Application, facturing integrated circuit. In printed circuit board (PCB) 

which, as mentioned above, is incorporated by reference manufacturing, the substrate or workpiece may be a circuit 

herein in its entirety). board. 

It should be noted that in discrete and hybrid approaches, 45 me present invention(s) may be implemented using 

which may be a preferred approach since it may reduce the a given substrate form-factors and/or materials of a particu- 

complexity and cost of EIW 10, the substrate (or portions lar application in which the invention is implemented. Such 

thereof) may be more like a printed circuit board that is substrates may include one, some or all of the functionalities 

shaped like a typical product wafer. As mentioned above, in and capabilities described herein. Indeed, other functional- 

the discrete or hybrid embodiments, certain electronics are 50 fries and capabilities may be desired depending upon the 

individually and separately made. Those discrete compo- particular application in which the invention is imple- 

nents may be packaged or un-packaged before integration mented. 

onto the substrate of the EIW. Indeed, in those circumstances As an example, an EIW according to the present invention 

where certain electronics of the EIW is comprised of discrete may be implemented to analyze mask fabrication. Briefly, by 

components, it may be advantageous to employ surface 55 way of background, in the integrated circuit industry, inte- 

mount devices, unpackaged die and/or cavities, holes or grated circuits are fabricated on wafers (for example, made 

cut-outs in the substrate in order to further minimize the from silicon or other types of semiconductors such as 

profile of the EIW. Accordingly, in certain embodiments of gallium arsenide). An important step in the fabrication 

the discrete-type and hybrid-type EIW, the EIW may be process is the manufacturing of masks. In optical 

thicker than an actual product wafer, but may be within a 60 lithography, a mask is a high quality glass (for example, 

thickness range that can be handled (manually or quartz) with patterned chrome coated on one side. After 

automatically) and processed by the processing equipment mask fabrication, the chrome layer will contain the master 

with little or no change to the equipment. copy of the circuit pattern (or portion thereof) to be dupli- 

Thus, in sum, the EIW according to certain embodiments cated on the product wafers, 

of the present invention includes a profile (for example, 65 In one embodiment of the present invention, an EIW, 

height and shape, and flatness, if pertinent) that facilitates having one, some or all of the attributes/features described 

implementation in PEs much like a product wafer and earlier, may be implemented in the mask or mask-shaped 
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object to monitor the mask making process. In this regard, R*/Mc° lne resistance determined by dividing the poten- 
a mask or mask-like object is made with sensors, sources, tial difference between B and D by the current going 

and/or measuring/communication electronics integrated on from A to C. 

or in the substrate of the EIW. The EIW of this embodiment Using the measured resistance values R C i>ab a °d R«*mo 
may be described as a "Mask-EIW". 5 t the sheet resistance may be determined by solving van der 

In one embodiment, the Mask-EIW is fabricated with Pauw's equation/relation. With the known resistivity, the 
thermal sensors disposed or integrated on or in a mask to film thickness may be determined. It should be noted that the 
monitor the temperature, temperature distribution, gradients van der Pauw method is also commonly referred to as 
and/or fluctuations during the manufacturing of a mask (for four-probe sheet resistance measurement technique, 
example, during electron-beam mask writing and/or during 10 With reference to FIGS. 7 A and 7B, EIW 10 may incor- 
mask resist baking). In another embodiment, EIW may porate sheet resistance measurement techniques. In 
employ chemical sensors to detect, monitor and/or measure particular, with reference to FIG. 7B, EIW 10 may include 
an etchant's concentration and/or the etchant's strength a plurality of van der Pauw like structures, illustrated as 
during a wet etching process. Metal pad with four-probe 52. The EIW 10 of this embodi- 

ln yet another embodiment, the Mask-EIW may include ment may also include a power supply (for example, bat- 
light sensor(s), or an array of light sensors, and electronics, teries 32 )> control and interface circuitry 16 to provide, for 
communication and power such that it may be disposed on example, synchronization, clock generation, memory 
a chuck or onto the mask stage of a projection lithography management, interface management, inter-chip 
system (for example, a stepper or scanner). This embodi- communication, and/or calibration and compensation (for 
ment may be used to measure light intensity distribution and 20 example, temperature compensation). The control and inter- 
other parameters associated with the illumination or optical face circuitry 16 may also include or consist of 
sub-system of the lithography equipment. In-situ tuning, microprocessor, memory device, FPGA, DSP, and/or ASIC; 
enhancement and optimization may be achieved, as wherein firmware may be resident therein, 
described above. Th* EIW 10 °f { his embodiment may also include mea- 

The present invention may be implemented using a plu- 25 surement electronics, for example, voltage and current 
rality of sources and/or sensors and/or techniques to monitor melers 54 havm S CUI « nl *> u £ c ^ curreDt measurement, 
the fabrication process or PE. As described below, there are volta 8 e measurement, and ADC/DAC circuitry/components, 
many different types of sources and/or sensors (alone or in In addition « data storage 34 may reside on or in the substrate 
combination) that may be incorporated into or onto an EIW. of EIW 10 to store the data measured sampled, detected 

30 and/or collected during processing. The data storage 34 may 
EIW Embodiments) to Monitor Conductive Film be non-volatile memory like flash memory or volatile 

Thickness Using Sheet Resistance Measurement memory such as DRAM. The EIW 10 may employ wired, 

Techniques optical and/or wireless transmission techniques. 

In one embodiment, the EIW may measure, detect, and/or It should be noted that EIW 10 according to this 
sample the thickness of a material using sheet resistance. In 35 embodiment, as with the other embodiments, may be tai- 
this regard, sheet resistance (Rs) of a conductive film is lored according to, for example, its desired use. That is, EIW 
defined as the resistance of a square-shaped area and may be 10 may contain some or all of the circuitry discussed above, 
expressed as: For example, power and communications may be imple- 

mented in a variety of different manners (as described 
p 40 above). For the sake of brevity, those permutations and 

where: p-the resistivity of the conductive material, and discussions will not be repeated. Moreover, the EIW of this 

d=the thickness of the film, embodiment may be a Source-EIW or a Sensor-EIW. 

Thus, for certain materials for which the resistivity is with reference to FIG. 8, in one embodiment, EIW 10 of 
known, the film thickness may be determined using the sheet this embodiment may be fabricated using the four-probe 
resistance. 45 structure 52 that is partially "buried" in substrate 14 but 

For measuring sheet resistance, in one embodiment, the exposed on the surface of EIW 10. In this regard, electrode 
present invention employs the technique of van der Pauw c and D are illustrated. Electrode A and B (not illustrated) 
[see, for example, van der Pauw, "A Method of Measuring may be implemented in the same manner. The conductive 
Specific Resistivity and Hall Effect of Discs of Arbitrary film 56 to be monitored is deposited on (or above) the 
Shapes," Philips Res. Repts. 13, 1-9 (1958), and, van der 50 surface of substrate 14 and is in electrical contact with 
Pauw, "A Method of Measuring the Resistivity and Hall electrodes A, B,C and D. In this way, the arrangement forms 
Coefficient on Lamellae of Arbitrary Shape," PhUips Tech. van der Pauw structure or four-probe structure 52. 
Rev. 20, 220-224 (1958), incorporated herein by reference]. During the deposition or polishing of conductive film 56, 
A common geometry for such a measurement has four EIW 10 senses, samples, measures and/or detects the sheet 
electrical contacts at the four corners of a roughly square 55 resistance at predetermined, random, or periodic time 
sample (see, for example, FIG. 6). intervals, and hence records and/or communicates the film's 

It is noted that the van der Pauw technique may be thickness and sequence of the film's thickness versus time, 
applicable for an arbitrary shaped sample provided the Indeed, the sheet resistance may be sampled, measured 
thickness of the sample is uniform or substantially or and/or detected periodically or continuously for a portion of 
relatively uniform, the contact areas are small, and the 60 0 r the entire deposition or polishing process. In this way, 
contacts are all on the perimeter of the sample. In this case, EIW may obtain information that provides a more complete 
van der Pauw demonstrated that: characterization of deposition or polishing process. 

With reference to FIGS. 9 and 10, in those instances 
«p(^^/k)«x P (^„ MC //&)-l where the f ormiDg Q f deposited material in shapes like a 

where: Rc^^-the resistance determined by dividing the 65 line(s)/space(s) or contact(s), in lieu of, or in addition to a 
potential difference between C and D by the current going pad structure illustrated in FIG. 8, it may be advantageous to 
from A to B, and employ integrated base pad 58 within or on EIW 10 to 
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facilitate sampling, measuring and/or detecting the sheet and 9. In operation, the PE creates or deposits additional 

resistance of the deposited material. In this regard, inte- conductive pad 60 that, together with the built-in electrodes 

grated base pad 58 may be "provided" by EIW 10 before (i.e., electrodes A-D), forms the electrical linewidth test 

deposition of additional material 60. The additional conduc- structures. The EIW 10 may also sense, detect, sample and 

tive material 60 is deposited on base pad 58 to form a desired 5 determine as well as characterize and/or analyze the lin- 

pattem, which is in electrical contact with base pad 58. ewidth distribution across the wafer after and/or during the 

It should be noted that any desired pattern(s) may be process, as described above in conjunction with the embodi- 

formed on the integrated base pad 58. m< L Dls of FI p S ; 7A ^ 7B, 8 and 9 

With continued reference to FIGS. 9 and 10, the relation A Writer, the location of the built-in electrodes (electrodes 

between sheet resistance and film thickness may deviate 10 of EIW may be predetermined and/or selected to 

c t . , n t . j u ti measure CD for specific or selected portions or part(s) of a 

from the van der Pauw equation expressed above. However, iyeQ duct Fo p le> it £ desirable to monitor 

with a pattern and >™wni^tt^ly of both pad 58 and ^ of ^ ^ QT d , ^ ^ 

^Tf^T'^C 60 ^ (F / G ' 9) L 60C ^ (FIG ' u nd the transistors of a state of the art microprocessor (i.e., the 

60<z-60/ (FIG. 10B), the relation between measured sheet given product) . information of the lines and associated 

resistance and the film thickness may be derived and/or 15 Hnewidths to be measured may be employed to "layout" 

numerically solved using first-principle equations (for sensors 52a-g or EIW 10. That is, electrodes and the 

example, Maxwell Equations). associated electronics of sensors S2a-g may be spatially 

It should be noted that there are many techniques of using positioned or located to measure the designated, one or more 

a four-probe sensor to measure sheet resistance, all of which, linewidtbs. In this regard, EIW 10 becomes a CD measure- 

whether now know or later developed, are intended to be 20 ment tool that may be advantageously implemented in the 

within the scope of the present invention. For example, with manufacturing of a particular product or integrated circuit 

reference to FIG. 11, four-probe technique is illustrated device (i.e., microprocessor). One advantage of doing so is 

where a current is applied/supplied between electrodes A that the designated EIW will provide information that 

and B, and voltage drop is measured between electrodes C reflects the actual circuits being designed and manufactured, 

and D. The relation may be expressed as: 25 which may not be available from measurements that uses 

only simplified test structures. 

RcoAB-to'tW Additional EIW Embodiments 

. , , The EIW of the present invention may be implemented 

where RczM*=tbe resistance determined by dividing the usi a wide vari of smot and lechniques of sensing 

potential difference between C and D by the current going 3Q and/or sampling, for example, temperature sensors, pressure 

Irom A to B, sensors, voltage sensors, ion sensors, photo sensors, and/or 

L-the distance between C and D, and chemical sensors. Several of these sensors (and actuators) 

W«the line width of the conductive line. are based on solid-state technology, which may facilitate 

It should be noted that there are many applications of EIW integration on or in the wafer or wafer-like platform of the 

10 that is configured to monitor sheet resistance. For 35 EIW of the present invention. Such a configuration allows 

example, the applications may include (1) monitoring film the EIW to maintain a profile that is well suited for imple- 

growth or deposition (for example, sputtering, CVD, mentation in current integrated circuit fabrication processes. 

LPCVD, and PECVD) process; and (2) monitoring polish- Many of these sensors are based on micro electro- 

ing and lapping process (for example, CMP). mechanical systems (MEMS) technology. These sensors are 

40 typically manufactured from or on silicon wafers using 

EIW Embodiments) to Characterize CD processes that are similar to those used in integrated circuit 

Uniformity and Distribution Using Conductive Film manufacturing. As such, the EIW of the present invention 

Techniques may be implemented using MEMS sensors (and actuators) 

Tlje embodiments of FIG. 11 may also be employed to lha K t « ? le 8 r ° ted b, ° or 0Dto ?, wafcr or ^^Vf 

, . f 1 j- . /«/~™\ 45 substrate to perform process monitoring, measuring and/or 

sample electrical test structure for critical dimension ("CD ) .. . r , r &» & 

measurements. As described above, the relationship describ- ^ m * 3 in ?„ nc 10ns * 

... , . . r Thermal Sensors 

ing this structure may be expressed as: . , . cr „ 7 .. , 

& ' r As mentioned above, an EIW according to one embodi- 

R CDtAB -Rs m (L/W) ment °f lne present invention may include thermal sensors. 

50 With reference to FIGS. 13A and 13B, thermal sensors 

As such, where the sheet resistance "Rs" is known (for 64a-e disposed or integrated on or in the substrate of EIW 

example, from a van der Pauw located close to a test 10 may be employed to detect, sample, measure, and/or 

structure), and the line length "L" between C and D is monitor the temperature distribution, gradients and/or fluc- 

known, the linewidth may be determined from the measure- tuations during manufacture of, for example, a mask. The 

ment of R C dab- This technique is widely used in semicon- 55 thermal sensors may be, for example, thermocouples and 

ductor manufacturing in measuring linewidth using electri- thermo resistors (thermistors). 

cal test. Thermocouples 

With reference to FIG. 12, EIW 10 may include the Briefly, by way of background, when two dissimilar 

structure to determine linewidth measurement. The EIW 10 metals (for example, copper and iron) are brought together 

may include an electrical test structure at multiple locatioas, 60 in a circuit, and the junctions are held at different 

for example, an array 62 of metal pad with four-probe temperatures, then a small voltage is generated and an 

structures 52a-/, across substrate 14, together with associ- electrical current flows between them, 

ated metal pad with four-probe structure 52 located near to With reference to FIG. 14, thermal sensor 64 may include 

each linewidth test structure. a thermocouple having a sensing junction 66, at temperature 

The EIW 10 may include integrated electrodes and/or 65 Ta, and a reference junction 68, at temperature Tb. A high 

electronics (current source, current and voltage meters, and resistance voltmeter 70 may measure, sense, sample and/or 

control) as described above with respect to FIGS. 7 A, 7B, 8 detect the voltage developed by the thermocouple. 
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The open circuit voltage (i.e. as measured by an ideal through the resistor heats the resistor, the resistivity drops, 

voltmeter with infinite input impedance) is related to the more current flows, its temperature increases. However, the 

temperature difference (Ta-Tb), and the difference in the large TCR permits the thermistors to be coupled directly to 

Seebeck coefficients of the two materials (Pa-Pb), and may amplifier circuits without connection to a bridge configura- 

be derived using the following equation: 5 tion. Appropriate calibration techniques may be employed to 

v-(p a -Pb)(Ta-Tb) address any non-linearity considerations. 

0 B ~ Notably, microengineering techniques may be used in a 

. ... . . n . f4 , . r -„• variety of ways to enhance thermal sensors. As mentioned 

where «V* will typically be of the order of millivolts, or ibQ vc h ^hniques may be used to thermally isolate the 

tens of millivolts, for metal thermocouples with tern- sensi elemeQt f ? om th / remainder of ^ 4^ Also, 

perature differences in the order of 200 C 10 afrays of may ^ implemented to provide signals 

The thermocouples may also be comprised of semicon- that are larger lhan me signal from one In those 

ductor materials. Semiconductor materials often exhibit a instances where the sensor is small and thermally isolated, 

better thermoelectric effect than metals. In one embodiment meD response time (the time the sensor takes to heat/cool 

of the present invention, EIW 10 includes one or more \ n response to changes in the temperature of the 

semiconductor thermocouples is/are integrate or dispose on 15 environment) may be quite fast. With silicon based sensors 

or in substrate 14. The thermocouples may be there are advantages if electronics were integrated into or 

interconnected, for example, in series, to make a thermopile, onto the integrated circuit (for example, calibration done 

which has a larger output voltage than an individual ther- on-chip, self-testing), wafer or substrate, 

mocouple. Thermal Flow-Rate Sensors 

It is noted, however, that the high thermal conductivity of 20 An EIW according to one embodiment of the present 

silicon may make it difficult to maintain a large temperature invention may include thermal flow-rate sensors. With ref- 

gradient (Ta-Tb). As such, it may be advantageous to erence to FIGS. 15A, 15B and 15C, thermal sensors 64, as 

thermally isolate the sensing element from the bulk of the described above, and/or thermal flow-rate sensors 72 may be 

silicon wafer. This may be done by fabricating the device on incorporated into or onto substrate 14 of EIW 10 of the 

bridges or beams machined and/or fabricated from silicon. 25 P^nl invention to detect sample measure, and/or monitor 

* . the mass flow rate (in addition to temperature and tempera- 

inermoresisors ture distribution) during a given integrated circuit processing 

In one embodiment of the present invention the thermo- for ^ * u * ri che * ical deposition 

couples include thermoresistors. Briefly, by way of («cvD'0 or plasma-enhanced CVD (PECVD). 

background, the electrical resistivity of metals vanes with ltee are a numbcr of way& by which lhe rate of flow of 

temperature. Above 200° C, the resistivity varies nearly 30 gasges and liquids may ^ monitored thermal sensors 

linearly with temperature. In this approximately linear 64 M techniques and configurations to detect, sample, 

region, the variation of resistivity (r) with temperature (T) measure, and/or monitor the mass flow rate, whether now 

may be characterized as: known or later developed, are intended to fall within the 

scope of the present invention provided such techniques and 

r-Rii+aT+bT 2 ) 35 configurations may be implemented into or onto an EIW of 

the present invention. For example, in one embodiment, a 

where "R'-the resistivity of the material at a reference first sensor may measure the temperature of a fluid as it 

temperature (0° C), and enters the sensor and a second sensor may measure the 

"a" and "b"=constants specific to the metal employed. temperature as it exists the sensor (after the fluid has been 

It should be noted that platinum is often employed because 40 passed over a heating resistor). The temperature difference 

its resistance variation may be linear with temperature (i.e. measured by the first sensor and the second sensor may be 

"b" is particularly small). inversely proportional to the mass flow rate. 

It may be advantageous to employ a resistance bridge In another embodiment, EIW 10 employs a thermal sensor 

network to detect a change in resistance because metal that is maintained at a constant temperature (using healing 

thermoresistors generally have relatively small resistances, 45 resistors, with thermal sensors for feedback control), and 

and their rate of change of resistance with temperature measures, detects, samples and/or senses the amount of 

(temperature coefficient of resistance (TCR)) is not partial- power required to maintain the temperature. The required 

larly large. power may be proportional to the mass flow rate of material 

In one embodiment, the present invention may employ over the sensor, 

semiconductor thermoresistors (or thermistors) to sense, 50 Radiation Sensors 

sample and/or detect temperature distribution, gradients Pyroelectric Sensors 

and/or fluctuations of a given process (for example, manu- With reference to FIG. 16, in one embodiment of the 

facture of a mask). Semiconductor thermoresistors may be present invention, EIW 10 may include one or more pyro- 

formed from metal oxides or silicon. Generally, semicon- electric sensors 74 to sense, detect, measure and/or monitor 

ductor thermoresistors may not be as accurate or stable as 55 incident thermal energy associated with electromagnetic 

metal (for example, platinum) thermoresistors. However, radiation on the wafer in, for example, a process chamber, 

semiconductor thermoresistors tend to be less expensive to Briefly, by way of background, pyroelectric sensor(s) oper- 

manufacture and may be more easily integrated into or onto ate on the pyroelectric effect in polarized crystals (for 

the substrate of an EIW according to the present invention. example, zinc oxide). These crystals have a built-in electri- 

The temperature coefficient resistivity of a thermistor 60 cal polarization level which changes in accordance with an 

tends to be highly non-linear and negative, and quite depen- amount of incident thermal energy, 

dent on the power being dissipated by the device. The Pyroelectric sensors 74 are generally high impedance 

resistivity is typically expressed relative to the resistivity at devices. As such, pyroelectric sensors 74 are often buffered 

25° C. with no power being dissipated by the device, and using field effect transistors. The pyroelectric sensors 74 

may typically range between 500 Ohms and 10M Ohms. 65 may automatically zero to the ambient temperature. As such, 

It should be noted that due to the negative TCR, the under this circumstance, sensors 74 may respond to rapid 

resistor may go into a self -heating loop: current flowing fluctuations. 
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The EIW 10 having a pyroelectric sensor 74 may monitor film, which in turn has far-reaching effects on integrated 

incident thermal energy onto the wafer in, for example, a circuit device performance and yield. In addition to the 

process chamber. An EIW according to this embodiment examples of the mechanical sensors described herein, those 

may be employed in, for example, baking (annealing) cham- sensors described and illustrated in Microsensors, MEMS 

bers and rapid-thermal-process (RTP) chambers. 5 and Smart Devices, by Gardner et al., (which, as mentioned 

It should be noted that crystals employed in pyroelectric above, is incorporated herein by reference) may also be 

sensors 74 often exhibit piezoelectric effects as well as employed, 

pyroelectric effects. Accordingly, it may be advantageous to Pressure Sensors 

implement the crystals of sensor 74 on or in substrate 14 of With reference to FIG. 18, in one embodiment of the 

EIW 10 in a manner that avoids strain on the crystals. 10 present invention, EIW 10 may include one or more pressure 

It should be further noted that the earlier discussions of, sensors 78 to sense, sample, detect, measure and/or monitor 

for example, electrical power supply techniques and certain processes, for example, a deposition process, 

circuitry, as well as the communications link, techniques and Microengineercd pressure sensors may be based on thin 

circuitry, are fully applicable to this aspect of the present membranes. In this regard, on one side of the membrane is 

invention. For the sake of brevity, those discussions will not 15 an evacuated cavity (for absolute pressure measurement), 

be repeated. and the other side of the membrane is exposed to the 

Detailed description of the physics and implementations pressure to be measured. The deformation of the membrane 

of pyroelectric sensors may be found in, for example, may be sensed, sampled, detected and/or monitored using, 

Microsensors, MEMS and Smart Devices, Gardner, et al., for example, piezoresistors or capacitive techniques. 

John Wiley & Sons, Incorporated, 2001, the entire contents 20 Piezoresistors and Piezoelectric Sensors 

of which are incorporated herein by reference herein. The EIW 10, in one embodiment of the present invention, 

Photoconductive and Photovoltaic Sensors may include piezoresistors and/or piezoelectric pressure 

With reference to FIG. 17, in one embodiment of the sensors to sense, detect, measure and/or sample stress, or 

present invention, EIW 10 may include one or more pbo- stress related parameters or effects, caused, induced or 

toconductive and/or photovoltaic sensors 76 to sense, 25 experienced during certain processes, for example, during 

sample, detect, measure and/or monitor radiation on the CMP processes or dry processes where the pressure of the 

wafer. Briefly, photoconductive and photovoltaic sensors gas is a controlled parameter of the process, 

utilize the photoconductive and/or photovoltaic effects. Pho- Briefly, by way of background, a change in resistance of 

toconductive materials become electrically conductive when a material with applied strain may be characterized as a 

exposed to radiation. Photovoltaic materials exhibit electri- 30 piezoresistive effect. Piezoresistors may be fabricated in 

cal voltage when exposed to radiation. Both types of devices silicon; being just a small volume of silicon doped with 

may be manufactured in a solid-state form, and specifically impurities to make it an n-type or p-type device. 

MEMS format. A detailed discussion of the physics and In operation, in response to a force applied to a piezo- 

implementations may be found in, for example, electric material, a charge is induced on the surface of the 

Microsensors, MEMS and Smart Devices, by J. W. Gardner 35 material. The induced charge is proportional to the applied 

et al., John Wiley & Sons, 2001, which, as mentioned above, force. The force applied to the piezoelectric material may be 

is incorporated by reference herein. determined by measuring, sampling, detecting or sensing the 

It should be further noted that the earlier discussions of, electrical potential across the crystal. Piezoelectric crystals 
for example, electrical power supply techniques and may include zinc oxide and PZT(PbZrHO 3 — lead zirconate 
circuitry, as well as the communications link, techniques and 40 titanate), which may be deposited and patterned on micro- 
circuitry, are fully applicable to these embodiments of the structures. 

present invention. For the sake of brevity, those discussions In one embodiment, piezoresistors are integrated into or 

will not be repeated. onto substrate 14 of EIW 10 may be employed as a pressure 

Microantenna sensor in order to sense, detect, sample and/or measure 

In another embodiment of the present invention, EIW 10 45 stress on or in the wafer caused by the particular process, 

may include one or more microantennas to sense, sample, Stress related information may be useful in characterizing 

detect, measure and/or monitor radiation on or at the surface the CMP process, since CMP relies on the pressure to realize 

of the wafer. Radiation antennas may be made in the the polishing effect. The EIW 10 of this embodiment of the 

solid-state and/or MEMS format to collect radiation energy present invention may also be useful in characterizing other 

and output an electrical signal. A detailed discussion of the 50 process steps that rely on or impact the pressure on the 

physics and implementations may be found in, for example, wafer, for example, those dry processing steps where the gas 

Microsensors, MEMS and Smart Devices, by J. W Gardner pressure is critical and/or tightly controlled aspect of the 

et al., 2001 (which, as mentioned above, is incorporated by process. 

reference herein in its entirety. It should be further noted that the earlier discussions of, 

Mechanical Sensors 55 for example, electrical power supply techniques and 

The EIW of the present invention may include one or circuitry, as well as the communications link, techniques and 

more mechanical sensors to sense, sample, detect, measure circuitry, are fully applicable to these embodiments of the 

and/or monitor many parameters including, but not limited present invention. For the sake of brevity, those discussions 

to, acceleration, deceleration, displacement, flow rate of gas will not be repeated, 

or liquid, force, torque, position, angle, pressure, and/or 60 Capacitive Sensors 

stress. These sensors may be based on MEMS technology. With reference to FIG. 19, in one embodiment, EIW 10 

These parameters may be significant to processes of inte- may include one or more capacitor sensor 80 to sense, 

grated circuit manufacturing — for example, in CMP, the detect, measure and/or sample small displacements 

force and the resultant pressure applied to the wafer surface, (microns — tens of microns) with relatively high accuracy 

when polishing, is a significant parameter when determining 65 (sub-nanometer) that may be caused, induced and/or expe- 

the polishing rate. The uniformity of polishing rates across rienced during processing. Briefly, by way of background, 

the wafer may determine the uniformity of the resultant thin for two parallel conducting plates, separated by an insulating 
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material, the capacitance between the plates may be called holes (since they are, in fact, the absence of negatively 

expressed as: charged electrons). On either side of the gate are small areas 

c^EA/d °f silicon doped with impurities so that negatively charged 

electrons are the main carriers in these n-type silicon 

where A«the area of the plates, 5 regions: the source and the drain; n-type and p-type silicon 

d-the distance between the plates, and are used to form diodes; current will flow from p-type to 

G-the dielectric constant of the material between the n-type, but typically not the other way round. The bulk of the 

plates. silicon substrate is connected to the most negative part of the 

It should be noted that the expression above assumes the circuit to prevent or limit the substrate's interference with 

circumference of the plates is much larger than the distance 10 the operation of the transistor (gate, drain, source), 

between them, so affects at the edges of the plates may be In operation, a positive voltage is applied to the gate of the 

neglected. MOSFET. In response, holes from the region near the gate 

From the above relationship, it may be readily seen that are repelled and electrons are attracted. This forms a narrow 

the measured capacitance is inversely proportional to the channel between the drain and source where the majority 

distance between the two plates. Thus, by incorporating 15 charge carriers are electrons. Current may then flow through 

capacitor sensors 80 (and associated capacitance measuring this channel, the amount of current that flows depends on 

circuitry 82) into or onto substrate 14 of EIW 10, EIW 10 how large the channel is, and thus the voltage applied to the 

may sense, detect, measure, sample and/or monitor displace- gate. 

ments induced in semiconductor processing steps or stages. With reference to FIG. 22, ISFET 84 includes an ion 

It should be noted that techniques to accurately measure 20 selective membrane, a source and a drain. The gate of a 

capacitance are well known arts to those skilled in the art of MOSFET represents or is analogous to the ion selective 

electronics. membrane of the ISFET. The ISFET is immersed in a 

It should be further noted that the electrical power supply solution. Ions in the solution interact with the ion selective 

techniques and circuitry, as well as the communications link, membrane. That is, when there is a high concentration of 

techniques and circuitry, discussed above are fully appli- 25 positive ions in the solution, a predetermined concentration 

cable to this embodiment of the present invention. For the of the positive ions will accumulate on or near the ion 

sake of brevity, those discussions will not be repeated. selective membrane, thereby forming a wide channel 

Chemical Sensors between the source and drain. With a low concentration of 

As mentioned above, EIW 10 of the present invention positive charged ions at or near the ion selective membrane, 

may include one or more chemical sensors 44 to sense, 30 the channel will narrow due to the lower ion concentration, 

sample, detect, measure and/or monitor many different types In one embodiment, in order to ensure that the ISFET 

of parameters relating to a change in the physical and/or channel is biased to an optimum or sufficient size about 

chemical properties of a given layer or structure due to a which sensing may take place, the solution is maintained at 

physical and/or chemical reaction, as well as the chemical a reference potential by a reference electrode. Generally, the 

environment that a product wafer is otherwise exposed to 35 reference potential is adjusted to maintain a constant current 

(see, for example, FIGS. 5A, 5C, 5D and 5E). The chemical flowing from drain to source, so the ionic concentration will 

sensors 44 typically consist of a chemically sensitive layer, be directly related to the solution reference potential with 

whose physical properties change when exposed to certain respect to the substrate potential. 

chemicals via physical or chemical reactions. These physical Notably, the ISFET 84 may be incorporated into or onto 

changes may be sensed or sampled by a sensing transducer. 40 substrate 14 of EIW 10 to allow monitoring, sensing, sam- 

It should be noted that many types of chemical sensors may pling and/or detecting the ion concentration in a liquid 

be implemented on or in the EIW of the present invention. solution, for example, wet-etching, resist development, and 

As such, all chemical sensors that may be integrated on or CMP processing. 

in an EIW, whether now known or later developed, are MEMS Sensors/Structures and Techniques 

intended to fall within the scope of the present invention. For 45 MEMS sensors/structures may be employed to construct 

example, the chemical sensors described and illustrated in, different type of sensors. It should be noted that many types 

for example, Chemical Sensing with Solid-State Devices, of MEMS sensors/structures may be implemented on or in 

Madou et al., Academic Press, 1989, may be implemented. the EIW of the present invention. As such, all MEMS 

The entire contents of Chemical Sensing with Solid-State sensors/structures that may be integrated on or in an EIW, 

Devices, Madou et al., Academic Press, 1989, are incorpo- 50 whether now known or later developed, are intended to fall 

rated herein by reference herein. within the scope of the present invention. For example, the 

Ion Sensitive Field Effect Transistor Sensors (ISFETs) MEMS sensors/structures described in Microsensors, 

In one embodiment of the present invention, chemical MEMS and Smart Devices, Gardner et al., 2001 (which, as 

sensor 44 may be an ion sensitive field effect transistor. In mentioned above, is incorporated by reference) may be 

this regard, with reference to FIG. 20, EIW 10 may include 55 implemented in the present invention, 

one or more ion sensitive field effect transistors 84 to sense, Resonant Sensors 

sample, detect, measure and/or monitor the concentration With reference to FIG. 23, in one embodiment of the 
(activity level) of a particular ion in a solution. An ISFET is present invention, EIW 10 may include one or more resonant 
generally based on, or is similar or analogous in principal to, sensors 86 to sense, sample, detect, measure and/or monitor 
the enhancement mode metal -oxide-semiconductor field 60 the processing conditions in, for example, deposition pro- 
effect transistor (MOSFET) structure illustrated in FIG. 21. cesses. Briefly, by way of background, resonant sensors may 
Briefly, by way of background and with reference to FIG. be based on micromachined beams or bridges, which are 
21, a MOSFET includes a gate electrode, insulated from the driven to oscillate at their resonant frequency. Changes in 
semiconductor (silicon) wafer by a thin layer of silicon the resonant frequency of the device may be monitored, 
dioxide (oxide). The bulk of the semiconductor (i.e. the 65 detected and/or measured using, for example, implanted 
substrate) is doped with impurities to make it p-type silicon; piezoresistors. Such changes may also be monitored, 
in this material current is carried by positive charge carriers detected or measured using optical techniques as well. 
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With reference to FIG. 24A, the resonant frequency of the sensors and/or sources (and associated electronics). Indeed, 

bridge, which is driven to resonance on a thin membrane, is implementing one type of sensor may provide information 

related to, for example, the force applied to it (between that permits or facilitates detection, sampling, measuring, 

anchor points), its length, thickness, width, its mass, and the and/or monitoring of more than one parameter (for example, 

modulus of elasticity of the material from which it has been s temperature, pressure and/or fluid flow rate). Thus, all 

fabricated. In those instances where the membrane is combinations and/or permutations of sensors and/or sources 

deformed (see, for example, FIG. 24B), there is greater are intended to be within the scope of the inventions, 

pressure on one side of the bridge than the other. As such, the An EIW according to the present invention may include 

force applied to the bridge changes and, as a result, the sensors and/or sources that are integrated into or onto the 

resonant frequency of the bridge changes. Therefore, reso- 10 substrate, or disposed thereon (in the form of discrete 

nant sensors may be employed to monitor deposition devices), or combinations thereof. For example, an EIW, 

processes, wherein the deposited material on the bridge will according to one embodiment of the present invention, may 

change the bridge's mass, and hence change its resonance include an integrated pressure sensor(s) and discrete optical 

frequency, thereby allowing monitoring of, for example, the sensor(s). 

thickness of the deposited material. 15 Further, an EIW according to the present invention may 

Surface Acoustic Wave (SAW) Based Sensors and Actua- be configured to simultaneously or serially sense, sample, 

tors detect, measure, and/or monitor information on the process- 

With reference to FIG. 25, in one embodiment of the ing environment and/or processing progress during fabrica- 

present invention, EIW 10 may include one or more SAW tion. For example, an EIW, according to one embodiment of 

sensors 88 to sense, sample, detect, measure and/or monitor 20 the present invention, may (simultaneously or serially) 

the temperature, radiation and/or viscosity of materials detect, sample, measure, and/or monitor temperature and 

and/or substrate 14 during a given process. Briefly, a surface pressure using the same sensor or a plurality of the same or 

acoustic wave is typically generated by radio frequency different sensors (one or more of the same or different 

electrical signals via piezoelectric effects. There are many sensors dedicated to temperature and one or more of the 

different sensors designed and built to sense different param- 25 same or different sensors dedicated to pressure). In this way, 

eters detectable by SAW sensors 88. SAW sensors may be such an EIW, addresses temperature and pressure operating 

implemented using MEMS techniques and readily inte- parameters, which may be two critical processing conditions 

grated into or onto EIW 10. SAW sensors 88 may be for certain processing steps. 

designed to sense parameters including, but not limited to, Moreover, an EIW according to the present invention may 
temperature, radiation and/or viscosity. A detailed discus- 30 be programmed to provide the sensed, sampled and/or 
sion of SAW sensors may be found in, for example, detected data which is representative of, for example, the 
MicTOsensors, MEMS and Smart Devices, Gardner et al., processing environment during the actual process, 
2001, which, as mentioned above, is incorporated by refer- thereafter, or a combination thereof. For example, an EIW 
ence. according to one embodiment of the present invention may 
It should be further noted that the electrical power supply 35 detect, sample, measure, and/or monitor temperature and 
techniques and circuitry, as well as the communications link, pressure of a given process using (1) a temperature sensor 
techniques and circuitry, discussed above are fully appli- (or plurality of temperature sensors) that store data in the 
cable to this embodiment of the present invention. For the resident storage devices for later transmission and (2) a 
sake of brevity, those discussions will not be repeated. pressure sensor (or plurality of pressure sensors) that trans- 
There are many inventions described and illustrated 40 mit data to an external device in real-time or near real-time, 
herein. While certain embodiments, features, attributes and In this way, such an EIW, may provide certain critical 
advantages of the inventions have been described and information regarding a first operating parameter (for 
illustrated, it should be understood that many others, as well example, pressure) immediately (i.e., in real-time) while a 
as different and/or similar embodiments, features, attributes second operating parameter (for example, temperature) is 
and advantages of the present inventions, are apparent from 45 provided thereafter. Indeed, critical information regarding 
the description and illustrations. As such, the embodiments, multiple parameters may be provided in real-time (or near 
features, attributes and advantages of the inventions real-time) while other parameters are provided after comple- 
described and illustrated herein are not exhaustive and it tion of the process under investigation, 
should be understood that such other, similar, as well as Notably, the embodiments of the system, device, and 
different, embodiments, features, attributes and advantages 50 components thereof (for example, the electrical source and 
of the present inventions are within the scope of the present communications layout, circuitry and techniques), as well as 
invention. the methods, applications and/or techniques, that are 
Moreover, it should be noted that while the present described and illustrated in the '806 Application, are incor- 
invention(s) is described generally in the context of inte- porated by reference herein. For the sake of brevity, those 
grated circuit fabrication, the present inventions) may be 55 descriptions and illustrations are not repeated herein, 
implemented in processes to manufacture other devices, Finally, it should be noted that the term "circuitry" or 
components and/or systems including, for example, hard "electronics" may mean a circuit (whether integrated or 
disk drives, magnetic thin-film heads for hard disk drives, otherwise), a group of such circuits, a processors), a 
flat panel displays, printed circuit board. Indeed, the present processors) implementing software, or a combination of a 
invention(s) may be employed in the fabrication of any 60 circuit (whether integrated or otherwise), a group of such 
devices, components and/or systems, whether now known or circuits, a processors) and/or a processors) implementing 
later developed, that may benefit from the present invention software. The term "circuit" may mean either a single 
(s). component or a multiplicity of components, either active 
In addition, an EIW according to the present invention and/or passive, which are coupled together to provide or 
may include one, some or all of the sensors and/or sources 65 perform a desired function. The term "data" may mean a 
described herein. Moreover, an EIW according to the present current or voltage signal(s) whether in an analog or a digital 
invention may include one or more of the same or different form. The phrases "to sample" or "sample(s)" or the like, 
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may mean, among other things, to record, to measure, to in the substrate to permit measuring of the physical 

detect, to monitor, and/or to sense. characteristic of the first conductive layer after depo- 

What is claimed is: sition or formation by the integrated circuit process- 

1. An EIW unit for use in measuring a physical charac- »ng equipment on the EIW unit, and wherein the 
teristic of an electrically conductive layer that is deposited or 5 plurality of electrodes, in conjunction with the first 
formed by integrated circuit processing equipment which is conductive layer deposited or formed on the first 
used to manufacture an integrated circuit, the EIW unit surface of the substrate, form a four-point probe type 
comprising: sensor; 

..... f r it u jr. measurement circuitry, coupled to the first sensor 

a substrate having a wafer or wafer-like shape and a first sm (0 ]e ^ characteristic of the 

surface to receive the conductive layer that is deposited 10 flfst { and 

or formed by the integrated circuit processing equip- a computing unit, coupled to the measurement circuitry, to 

ment, and receive data which is representative of the electrical 

a sensor structure disposed on or in the substrate, the characteristic of the first conductive layer and to deter- 

sensor structure including a plurality of electrodes that mme the physical characteristic of the first conductive 

are disposed on or in the substrate such that at least a i avcr using the received data. 

portion of each electrode is exposed on the first surface 10. The system of claim 9 wherein at least a portion of the 

of substrate wherein each electrode is spatially located, measurement circuitry is disposed on or in the substrate of 

relative to the other electrodes and the conductive layer, the ejw un jt. 

on or in the substrate to permit measuring of the n. The system of claim 9 wherein the EIW unit further 

physical characteristic of the conductive layer after includes a second sensor structure disposed on or in the 

deposition or formation of the conductive layer on the substrate, the second sensor structure including a plurality of 

EIW unit, and wherein the plurality of electrodes, in electrodes that are disposed on or in the substrate such that 

conjunction with the conductive layer deposited or a t least a portion of each electrode is exposed on the first 
formed on the first surface of the substrate, form a ^ surface of substrate wherein each electrode is spatially 

four-point probe type sensor. located, relative to the other electrodes of the second sensor 

2. The EIW unit of claim 1 further including measurement structure and a second conductive layer, on or in the sub- 
circuitry, coupled to the sensor structure, to sample the strate to permit measuring of a physical characteristic of the 
electrical characteristic of the conductive layer. second conductive layer after deposition or formation of the 

3. The EIW unit of claim 2 wherein the measurement second conductive layer by the integrated circuit processing 
circuitry is disposed in or on the substrate and includes a equipment on the EIW unit. 

current or voltage source which is coupled to the electrodes \2. The system of claim 11 wherein: 

of the sensor structure. me measurement circuitry is coupled to the second sensor 

4. The EIW unit of claim 3 wherein the measurement structure to sample an electrical characteristic of the 
circuitry further includes a current or voltage measuring second conductive layer; and 

circuitry which is coupled to the electrodes of the sensor the computing unit rec ives lhe data which * re presenta- 

strucrure. ti ve of the electrical characteristic of the s cond con- 

5. The EHV unit of claim 2 wherein the measurement ductiye { ^ ^ tfaal ^ determines lhe 
circuitry includes data storage to store the sampled electrical physica , charact e r istic of the second conductive layer, 
characteristic of the conductive layer. 13 ^ tem of daim u wherein lhe physical cnarac . 

6. The EIW unit of claim 5 wherein the measurement tcristic of tfae fifSt and conduclive layers are the 
circuitry operates in a real-time mode. linewidths of the conductive layers and wherein the com- 

7. The EIW unit of claim 2 further including: puting udt determines a i ine width distribution using the data 
communication circuitry, disposed in or on the substrate, which is representative of the electrical characteristic of the 

to provide the sampled electrical characteristic of the 4S fi re t conductive layer and the data which is representative of 

conductive layer to an external device; and the electrical characteristic of the second conductive layer, 

at least one rechargeable battery, to provid electrical 14. The system of claim 9 wherein the measurement 

power to the communication circuitry and measure- circuitry is disposed in or on the substrate and includes a 

ment circuitry. current or voltage source which is coupled to the electrodes 

8. The EIW unit of claim 2 wherein the measurement 50 of the first sensor structure. 

circuitry operates in an end-point mode. 15. The system of claim 14 wherein the measurement 

9. A system for measuring a physical characteristic of a circuitry further includes a current or voltage measuring 
first conductive layer that is deposited or formed by inte- circuitry which is coupled to the electrodes of the first sensor 
grated circuit processing equipment which is used to manu- structure. 

facture an integrated circuit, the system comprising; 55 16. The system of claim 14 wherein th measurement 

an EIW unit, including: circuitry includes data storage to store data which is repre- 

a substrate having a wafer or wafer-like shape and a sentative of the electrical characteristic of the first conduc- 

first surface to receive the first conductive layer that l i ve l ave r- 

is deposited or formed by the integrated circuit 17. The system of claim 14 wherein the EIW unit further 
processing equipment; and 60 includes: 

a first sensor structure disposed on or in the substrate, communication circuitry, disposed in or on the substrate, 

the first sensor structure including a plurality of to provide the data which is representative of the 

electrodes that are disposed on or in the substrate electrical characteristic of the first conductive layer to 

such that at least a portion of each electrode is me computing unit; and 

exposed on the first surface of the substrate wherein 65 at least one rechargeable battery, to provide electrical 
each electrode is spatially located, relative to the power to the communication circuitry and measure- 
other electrodes and the first conductive layer, on or ment circuitry. 
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18. The system of claim 9 wherein the measurement 
circuitry operates in a real-time mode. 

19. The system of claim 9 wherein the measurement 
circuitry operates in an end-point mode. 

20. The system of claim 9 wherein the electrical charac- 
teristic includes a sheet resistance of the first conductive 
layer and wherein the physical characteristic of the first 
conductive layer is the thickness of the first conductive layer. 

21. The system of claim 20 wherein the measurement 
circuitry periodically samples electrical characteristic of tb 
first conductive lay r during deposition or formation of the 
first conductive layer by the integrated circuit processing 
equipment on the first surface of the EIW unit. 

22. The system of claim 21 wherein the computing unit 
receives the periodic samples of the electrical characteristic 
of the first conductive layer and, in response thereto, calcu- 
lates the thickness of the first conductive layer over lime. 

23. The system of claim 22 wherein the periodic samples 
of the electrical characteristic of the first conductive layer 
are representative of the entire deposition or formation 
process. 

24. The system of claim 22 wherein the formation process 
is a polishing process or chemical-mechanical polishing 
(CMP) process. 

25. An EIW unit for use in measuring a first parameter of 
a first conductive layer that is deposited or formed by 
integrated circuit processing equipment which is used to 
manufacture an integrated circuit, the EIW unit comprising: 

a substrate having a wafer or wafer-like shape and a first 
surface to receive the first conductive layer that is 
deposited or formed by the integrated circuit processing 
equipment; and 

a sensor structure disposed on or in the substrate, the 
sensor structure including: 

a plurality of electrodes that are disposed on or in the 
substrate; and 

a base pad electrically connected to the plurality of 
electrodes and disposed on or in the substrate such 
that at least a portion of the pad is exposed on the first 
surface of the substrate, wherein the base pad is 
spatially located on or in the substrate such that the 
first conductive layer is deposited or formed on the 
base pad by the integrated circuit processing 
equipment, and wherein the plurality of electrodes, 
base pad and first conductive layer form a four-point 
probe type sensor. 

26. The EIW unit of claim 25 further including measure- 
ment circuitry, coupled to the sensor structure, to sample an 
electrical characteristic of the first conductive layer. 

27. The EIW unit of claim 26 wherein the measurement 
circuitry is disposed in or on the substrate and includes a 
current or voltage source which is coupled to the electrodes 
of the sensor structure. 

28. The EIW unit of claim 27 wherein th measurement 
circuitry further includes a current or voltag measuring 
circuitry which is coupled to the electrodes of the sensor 
structure. 

29. The EIW unit of claim 26 wherein the measurement 
circuitry includes data storage to store data which is repre- 
sentative of the electrical characteristic of the first conduc- 
tive layer. 

30. The EIW unit of claim 26 wherein the measurement 
circuitry operates in a real- time mode. 
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31. The EIW unit of claim 30 further including: 
communication circuitry, disposed in or on the substrate, 
to provide the data which is representative of the 
electrical characteristic of the first conductive layer to 
an external device; and 
at least one rechargeable battery, to provide electrical 
power to the communication circuitry and measure- 
ment circuitry. 

J0 32. The EIW unit of claim 26 wherein the measurement 
circuitry operates in an end-point mode. 

33. ITie ErW unit of claim 26 further including computing 
circuitry disposed on or in the substrate and coupled to the 
measurement circuitry, wherein the computing circuitry 

15 determines the first parameter of the first conductive layer 
using the electrical characteristic of the first conductive 
layer. 

34. The EIW unit of claim 33 wherein the first parameter 
is the linewidtb of the first conductive layer. 

20 35. The EIW unit of claim 26 wherein the electrical 
characteristic includes the resistivity of the first conductive 
layer. 

36. The EIW unit of claim 35 further including computing 
circuitry, coupled to the measurement circuitry, to determine 

25 the first parameter using resistivity of the first conductive 
layer. 

37. The EIW unit of claim 36 wherein the first parameter 
is the thickness of the first conductive layer. 

38. The EIW unit of claim 26 wherein the measurement 
30 circuitry periodically samples an electrical characteristic of 

the first conductive layer during deposition or formation of 
the first conductive layer on the first surface of the EIW unit. 

39. The EIW unit of claim 38 wherein the formation 
process is a polishing process. 

35 40. The EIW unit of claim 39 wherein the polishing 
process is a chemical-mechanical polishing (CMP) process. 

41. The EIW unit of claim 1 further including: 
measurement circuitry, coupled to the sensor structure, to 

sample the electrical characteristic of the conductive 
40 layer while the EIW unit is disposed in the integrated 
circuit processing equipment and the electrically con- 
ductive layer is being deposited or formed; and 
at least one battery, disposed on or in the substrate, to 
45 provide electrical power to the measurement circuitry. 

42. The system of claim 9 further including: 
measurement circuitry, coupled to the first sensor 

structure, to sample the electrical characteristic of the 
first conductive layer while the EIW unit is disposed in 
50 the integrated circuit processing equipment and the first 
conductive layer is being deposited or formed; and 
at least one battery, disposed on or in the substrate, to 
provide electrical power to the measurement circuitry. 

43. Th EIW unit of claim 25 further including: 

55 measurement circuitry, coupl d to the sensor structure, to 
sample an lectrical characteristic of the first conductive 
layer while the EIW unit is disposed in the integrated 
circuit processing equipment and the first conductive 
layer is being deposited or formed; and 

60 at least one battery, disposed on or in the substrate, to 
provide electrical power to the measurement circuitry. 
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IN THE CLAIMS 

Please amend the claims as described below. In accordance with 37CFR§1.121,a 
complete listing of all claims in the application is provided below. Notably, the status of 
each claim is indicated in the parenthetical expression adjacent to the corresponding claim 
number. 

Claims 1 - 50 (Canceled). 

1 Claim 51 (Currently Amended): An EIW unit for use in sensing measuring a 

2 physical characteristic of an electrically conductive layer that is deposited or formed by 

3 integrated circuit processing equipment which is used to manufacture an integrated circuit, 

4 the EIW unit comprising: 

5 a substrate having a wafer or wafer- like shape shaped prof i l e and a first surface to 

6 receive the conductive layer that is deposited or formed by the integrated circuit processing 

7 equipment; and 

8 a sensor structure disposed on or in the substrate, the sensor structure including a 

9 plurality of electrodes that are disposed on or in the substrate such that at least a portion of 

10 each electrode is exposed on the first surface of substrate wherein each electrode is 

1 1 spatially located, relative to the other electrodes and the conductive layer, on or in the 

12 substrate to permit measuring of the physical characteristic of the conductive layer after 

1 3 deposition or formation of the conductive layer on the EIW unit , and wherein the plurality of 

14 electrodes, in conjunction with the conductive layer deposited or formed on the first surface 

15 of the substrate, form a four-point probe type sensor . 

Claim 52 (Canceled). 
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1 Claim 53 (Previously Presented): The EIW unit of claim 51 further including 

2 measurement circuitry, coupled to the sensor structure, to sample the electrical 

3 characteristic of the conductive layer. 

1 Claim 54 (Previously Presented): The EIW unit of claim 53 wherein the 

2 measurement circuitry is disposed in or on the substrate and includes a current or voltage 

3 source which is coupled to the electrodes of the sensor structure. 

1 Claim 55 (Previously Presented): The EIW unit of claim 54 wherein the 

2 measurement circuitry further includes a current or voltage measuring circuitry which is 

3 coupled to the electrodes of the sensor structure. 



1 Claim 56 (Previously Presented): The EIW unit of claim 53 wherein the 

2 measurement circuitry includes data storage to store the sampled electrical characteristic of 

3 the conductive layer. 

1 Claim 57 (Previously Presented): The EIW unit of claim 56 wherein the 

2 measurement circuitry operates in a real-time mode. 



1 Claim 58 (Currently Amended): The EIW unit of claim 53 further including: 

2 communication circuitry, disposed in or on the substrate, to provide the sampled 

3 electrical characteristic of the conductive layer to an external device; and 
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4 at least one rechargeable battery 7 to provide electrical power to the communication 

5 circuitry and measurement circuitry. 



1 Claim 59 (Previously Presented): The EIW unit of claim 53 wherein the 

2 measurement circuitry operates in an end-point mode. 

1 Claim 60 (Currently Amended): A system for measuring s e nsing th e a physical 

2 characteristic of a first conductive layer that is deposited or formed by integrated circuit 

3 processing equipment which is used to manufacture an integrated circuit, the system 

4 comprising: 

5 an EIW unit, including: 

6 a substrate having a wafer or wafer- like shape shaped prof ile and a first 

7 surface to receive the surface structur e first conductive layer that is deposited or 

8 formed by the integrated circuit processing equipment; and 

9 a first sensor structure disposed on or in the substrate, the first sensor 

1 0 structure including a plurality of electrodes that are disposed on or in the substrate 

1 1 such that at least a portion of each electrode is exposed on the first surface of the 

1 2 substrate wherein each electrode is spatially located, relative to the other electrodes 

13 and the first conductive layer, on or in the substrate to permit measuring of the 

14 physical characteristic of the first conductive layer after deposition or formation by 

15 the integrated circuit processing equipment on the EIW uni t and wherein the 

16 plurality of electrodes, in conjunction with the first conductive layer deposited or 

17 formed on the first surface of the substrate, form a four-point probe type sensor : 
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1 3 measurement circuitry, coupled to the first sensor structure, to sample an electrical 

1 9 characteristic of the first conductive layer; and 

20 a computing unit devic e, coupled to the measurement circuitry, to receive data which 

21 is representative of the electrical characteristic of the first conductive layer and to determine 

22 the physical characteristic of the first conductive layer using the received data. 

1 Claim 61 (Previously Presented): The system of claim 60 wherein at least a 

2 portion of the measurement circuitry is disposed on or in the substrate of the EIW unit. 

1 Claim 62 (Currently Amended): The system of claim 60 wherein the EIW unit 



2 further includes a second sensor structure disposed on or in the substrate, the second 

3 sensor structure including a plurality of electrodes that are disposed on or in the substrate 

4 such that at least a portion of each electrode is exposed on the first surface of substrate 

5 wherein each electrode is spatially located, relative to the other electrodes of the second 

6 sensor structure and a second conductive layer, on or in the substrate to permit measuring 

7 of a physical characteristic of the second conductive layer after deposition or formation of 

8 the second conductive layer by the integrated circuit processing equipment on the EIW unit. 

1 Claim 63 (Currently Amended): The system of claim 62 wherein: 

2 the measurement circuitry is coupled to the second sensor structure to sample an 

3 electrical characteristic of the second conductive layer; and 
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4 the computing unit device receives the data which is representative of the electrical 

5 characteristic of the second conductive layer and, using that data, determines the physical 

6 characteristic of the second conductive layer. 

1 Claim 64 (Currently Amended): The system of claim 63 wherein the physical 

2 characteristic of the first and second conductive layers are the linewidths of the conductive 

3 layers and wherein the computing unit device determines a linewidth distribution using the 

4 data which is representative of the electrical characteristic of the first conductive layer and 

5 the data which is representative of the electrical characteristic of the second conductive 

6 layer. 

Claim 65 (Canceled). 

1 Claim 66 (Previously Presented): The system of claim 60 wherein the 

2 measurement circuitry is disposed in or on the substrate and includes a current or voltage 

3 source which is coupled to the electrodes of the first sensor structure. 

1 Claim 67 (Previously Presented): The system of claim 66 wherein the 

2 measurement circuitry further includes a current or voltage measuring circuitry which is 

3 coupled to the electrodes of the first sensor structure. 
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1 Claim 68 (Previously Presented): The system of claim 66 wherein the 

2 measurement circuitry includes data storage to store data which is representative of the 

3 electrical characteristic of the first conductive layer. 

1 Claim 69 (Currently Amended): The system of claim 66 wherein the EIW unit 

2 further includes: 

3 communication circuitry, disposed in or on the substrate, to provide the data which is 

4 representative of the electrical characteristic of the first conductive layer to the computing 

5 umt device; and 

6 at least one rechargeable battery, to provide electrical power to the communication 

7 circuitry and measurement circuitry. 

1 Claim 70 (Previously Presented): The system of claim 60 wherein the 

2 measurement circuitry operates in a real-time mode. 

1 Claim 71 (Previously Presented): The system of claim 60 wherein the 

2 measurement circuitry operates in an end-point mode. 

1 Claim 72 (Currently Amended): The system of claim 60 wherein the electrical 

2 characteristic includes a sheet resistance of the first conductive layer and wherein the 

3 physical characteristic of the first conductive layer is the thickness of the first conductive 

4 layer. 
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1 Claim 73 (Currently Amended): The system of claim 72 wherein the measurement 

2 circuitry periodically samples electrical characteristic of the first conductive layer during 

3 deposition or formation of the first conductive layer by the integrated circuit processing 

4 equipment on the first surface of the EIW unit. 

1 Claim 74 (Currently Amended): The system of claim 73 wherein the computing unit 

2 device receives the periodic samples of the electrical characteristic of the first conductive 

3 layer and, in response thereto, calculates the thickness of the first conductive layer over 

4 time. 



1 Claim 75 (Previously Presented): The system of claim 74 wherein the periodic 

2 samples of the electrical characteristic of the first conductive layer are representative of the 

3 entire deposition or formation process. 

1 Claim 76 (Previously Presented): The system of claim 74 wherein the formation 

2 process is a polishing process or chemical-mechanical polishing (CMP) process. 

1 Claim 77 (Currently Amended): An EIW unit for use in measuring s e nsing a first 

2 parameter of a first conductive layer that is deposited or formed by integrated circuit 

3 processing equipment which is used to manufacture an integrated circuit, the EIW unit 

4 comprising: 
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5 a substrate having a wafer or w afer- like shape shap e d profile and a first surface to 

6 receive the first conductive layer that is deposited or formed by the integrated circuit 

7 processing equipment; and 

8 a sensor structure disposed on or in the substrate, the sensor structure including: 

9 a plurality of electrodes that are disposed on or in the substrate; and 

1 0 a base pad electrically connected to the plurality of electrodes and disposed 

11 on or in the substrate such that at least a portion of the pad is exposed on the first 

12 surface of the substrate, wherein the base pad is spatially located on or in the 

1 3 substrate such that the first conductive layer is deposited or formed on the base pad 

14 by the integrated circuit processing equipment , and wherein the plurality of 

15 electrodes, base pad and first conductive layer form a four-point probe type sensor . 

Claim 78 (Canceled). 

1 Claim 79 (Previously Presented): The EIW unit of claim 77 further including 

2 measurement circuitry, coupled to the sensor structure, to sample an electrical 

3 characteristic of the first conductive layer. 

1 Claim 80 (Previously Presented): The EIW unit of claim 79 wherein the 

2 measurement circuitry is disposed in or on the substrate and includes a current or voltage i 

3 source which is coupled to the electrodes of the sensor structure. 
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1 Claim 81 (Previously Presented): The EIW unit of claim 80 wherein the 

2 measurement circuitry further includes a current or voltage measuring circuitry which is 

3 coupled to the electrodes of the sensor structure. 

1 Claim 82 (Previously Presented): The EIW unit of claim 79 wherein the 

2 measurement circuitry includes data storage to store data which is representative of the 

3 electrical characteristic of the first conductive layer. 

1 Claim 83 (Previously Presented): The EIW unit of claim 79 wherein the 

2 measurement circuitry operates in a real-time mode. 

1 Claim 84 (Previously Presented): The EIW unit of claim 83 further including: 

2 communication circuitry, disposed in or on the substrate, to provide the data which is 

3 representative of the electrical characteristic of the first conductive layer to an external 

4 device; and 

5 at least one rechargeable battery, to provide electrical power to the communication 

6 circuitry and measurement circuitry. 

1 Claim 85 (Previously Presented): The EIW unit of claim 79 wherein the 

2 measurement circuitry operates in an end-point mode. 

1 Claim 86 (Previously Presented): The EIW unit of claim 79 further including 

2 computing circuitry disposed on or in the substrate and coupled to the measurement 
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3 circuitry, wherein the computing circuitry determines the first parameter of the first 

4 conductive layer using the electrical characteristic of the first conductive layer. 

1 Claim 87 (Previously Presented): The EIW unit of claim 86 wherein the first 

2 parameter is the linewidth of the first conductive layer. 

1 Claim 88 (Previously Presented): The EIW unit of claim 79 wherein the electrical 

2 characteristic includes the resistivity of the first conductive layer. 

1 Claim 89 (Currently Amended): The EIW unit of claim 88 further including 

2 computing circuity coupled to the measurement circuitry, to determine wh e r e in th e 

3 computing circuitry determin e s the first parameter using resistivity of the first conductive 

4 layer. 

1 Claim 90 (Previously Presented): The EIW unit of claim 89 wherein the first 

2 parameter is the thickness of the first conductive layer. 

1 Claim 91 (Currently Amended): The EIW unit of claim 79 wherein the 

2 measurement circuitry periodically samples an electrical characteristic of the first 

3 conductive layer during deposition or formation of the first conductive layer by th o 

4 i ntegrat e d c i rcuit proc e ssing e qu i pm e nt on the first surface of the EIW unit. 
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1 Claim 92 (Previously Presented): The EIW unit of claim 91 wherein the formation 

2 process is a polishing process. 

1 Claim 93 (Previously Presented): The EIW unit of claim 92 wherein the polishing 

2 process is a chemical-mechanical polishing (CMP) process. 

1 Claim 94 (New): The EIW unit of claim 51 further including: 

2 measurement circuitry, coupled to the sensor structure, to sample the electrical 

3 characteristic of the conductive layer while the EIW unit is disposed in the integrated circuit 

4 processing equipment and the electrically conductive layer is being deposited or formed; 

5 and 

6 at least one battery, disposed on or in the substrate, to provide electrical power to 

7 the measurement circuitry. 

1 Claim 95 (New): The system of claim 60 further including: 

2 measurement circuitry, coupled to the first sensor structure, to sample the electrical 

3 characteristic of the first conductive layer while the EIW unit is disposed in the integrated 

4 circuit processing equipment and the first conductive layer is being deposited or formed; 

5 and 

6 at least one battery, disposed on or in the substrate, to provide electrical power to 

7 the measurement circuitry. \ 



1 
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1 Claim 96 (New): The EIW unit of claim 77 further including: 

2 measurement circuitry, coupled to the sensor structure, to sample an electrical 

3 characteristic of the first conductive layer while the EIW unit is disposed in the integrated 

4 circuit processing equipment and the first conductive layer is being deposited or formed; 

5 and 

6 at least one battery, disposed on or in the substrate, to provide electrical power to 

7 the measurement circuitry. 
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